The aetiology of intussusception is still not fully understood, but two main theories have been advanced, the dietary and the infective. The dietary theory was derived partly from the age distribution of the disease, with its maximum incidence about the time of weaning, and partly from the clinical impression that affected infants were unusually fat and presumably very well fed. The possible role of infection was supported by the frequent history of mild respiratory or alimentary symptoms preceding the abrupt onset of pain and vomiting, and the almost constant finding at operation of large mesenteric lymph nodes. These show the histological changes of inflammation, and the known association of intussusception -with typhoid suggested that some unidentified infection of the lymph nodes and of Peyer's patches might be involved. The receat finding of adenoviruses in both mesenteric glands and intestinal contents reinforces the infective hypothesis and suggests that virus infection may well play an important part (Gardner, 1961; Ross and Potter, 1961'; Zachary and Potter, 1961).
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The dietary and infective theories are not contradictory. The disease "intussusception" is defined in mechanical terms, is treated by mechanical means, and in certain children has an obvious mechanical cause, and it seemed to us that a general hypothesis of its patbogenesis might also be made in mechanical and hydrodynamic terms. Consequently it was unlikely that any specific cause would be found which is both necessary and sufficient, which is always present before the disease,. ai4 which, when present, is always followed by the disease. Rather we should expect a group of interacting factors any of which might alter the mechanics of the intestine through the effects of excessive fluid-flow rates, obstruction, narrowing, or by inducing abnormal segmental contractions.
We have shown (Court and Knox, 1959 ) that intussusception is almost three times as frequent in Newcastle as in Birmingham; (MacMahon, 1955X , and subsequent estimates from Edinburgh, Sheffield, and Aberdeen (Smith, 1960; Steyn and Kyle, 1961; Ross and Potter, 1961) suggest that the Newcastle figure is abnormally high. Bearing in mind the general similarity of climate and living conditions in these different communities, it seemed that an explanation for these differences of incidence might be found in differing habits of infant care. as in feeding methods or the use of purgatives, rather than from different infection rates.
However. we did not on these grounds prejudge the issue of infection as a factor in the aetiology even if it seemed unlikely that it would alone explain the reg.'onal variations, and we decided to investigate simultaneously feeding and drug administration in children with intussusception and the frequency of recent symptoms suggesting infection in the affected children or in members of their households, and to search for viruses. The present study is concerned mainly with the clinical and epidemiological data. This emphasis is deliberate because we feel that the virus studies demand a different form of presentation, and these will be published later when completed. However, the possible relationships between the two kinds of evidence are considered at the end of this paper.
Materials and Methods
The material presented is in two parts. The first is derived from the case records of 100 consecutive infants with intussusception admitted to the Royal Victoria Infirmary, Newcastle upon Tyne, during February, 1957, to December, 1959 . The diagnosis in ever) case was confirmed by operation or barium enema.
The second part consists of the answers to particular questions put to the mothers of new cases of intussusception in children under 2 years of age between January, 1960, and October, 1961 (3,345 g.) . Although methods of ascertainment were different there is no evidence here that children with intussusception were of other than normal birth weight. MacMahon (1955) made the same observation. We felt justified, therefore, in using weights observed at the time of the illness as indices of actual growth.
Only in a few cases was a previous recent weight record available, but 75 of the 100 were weighed im hospital. Where more than one weight was available we have used the one nearest to the time of discharge. Almost all weighings were made on the actu-al day of discharge. The majority of the children reached hospital on the first or second day of the illness and stayed in hospital for two days; only 7 of the 100 remained for more than four days. In most instances the weights were taken about three days after the onset of the disease.
Unfortunately the relationship between this measurement and the weight before onset is uncertain. Affected children must lose weight from vomiting and refusal of feeds, but much of this will have been replaced by the time of discharge. We consider it unlikely that the an underestimate of weights before onset, but we cannot be certain. From this finding, together with the observation on birth weights, we infer that the actual rate of growth has been excessive in these infants and that this is probably associated with an excessive food intake.
Time of Onset
The question arises whether the supposed dietary factor is associated with the disease only in some indirect way or directly and perhaps causally at the time of an individual feed. As the hour of onset might offer evidence on this point it was analysed.
The time of onset was often known exactly and was stated to the nearest hour in 91 of the first 100 children.
There was a clear diurnal variation, and since the same feature was found among the 35 cases questioned later which the onset occurred more than three hours after a feed is striking. In several it occurred on waking and before the first feed of the day.
Food and Fluid Intakes It was hoped to estimate for each child the total intake of calories and fluid per day. The former proved impracticable largely owing to the vague amounts of cereal used in very many of the diets, but an estimate of fluid intake was possible. This was reasonably straightforward in babies fed fully on the bottleirregular feeds being averaged out fairly satisfactorily to an estimate for each day. The fluid intake of children fed entirely or partly by cup or by spoon was estimated less satisfactorily than with bottle-feeds, but most mothers seemed able to give a fairly precise estimate of each feed in terms of ounces. In these children the estimate was limited to fluid taken as drinks. A usable estimate was reached in all the 35 index cases and in 28 of the controls.
The stated fluid intakes varied from 10 to 48 oz. (285 to 1,365 ml.) per day. The mean value for both groups was 28.8 oz. (820 ml.) per day. In the 11 affected infants aged less than 6 months the mean intake was higher than in the age-matched controls-31.5 oz. (895 ml.) compared with 27.8 oz. (790 ml.). This is in the same direction as the differences based on weight on discharge, but is not significant.
Feeding -Techniques
One of the 35 children with intussusception was partly breast-fed and two controls were fully breast-fed. All the others in both groups were fed by bottle or cup or spoon, or by a combination of these. One child was fed on canned evaporated milk and several others were fed entirely on bottled cows' milk, but 28 patients and 23 controls were still having some feeds of reconstituted dried milk. There were no evident differences between the groups in any of these respects.
Of the 35 with intussusception, 30 were having at least one bottle a day. A rather smaller proportion of controls were bottle-fed, 24 out of 32. The mean numbers of bottle-feeds a day were 3.1 for the patients and 2.8 for the controls; 20 patients but only 14 controls were having 4 or more bottle-feeds a day. These comparisons are concordant in direction, but none of the differences is significant.
IThe technique of making up feeds was examined ii detail, and bere a wider difference between the groups was found. This related to the addition of cereal foods to the bottle-feeds. Such additions were made in 7 of the 30 bottle-fed patients and in 13 of the 24 bottlefed controls, and the difference in proportions is statistically significant at the 5% level.
Teats
When an infant was bottle-fed all the teats in current use were asked for; they were brought by the mothers of 24 infants with intussusception and of 15 controls. The teats were tested by placing thehn on an inverted burette and timing the flow of 10 ml. of tap-water. Two convenient marks were made on the burette so that the pres.sure was standardized: the heights of the marks from the lower end of the inverted burette were in fact 37 and 47 cm., giving a mean pressure of 42 cm. at the end of the burette, or 43 to 45 cm. at the tip of the teat, depending on the type. The mean of five readings was calculated for each teat, the teat being detached and reattached after each reading.
These values are given in Table IV , and whep more than one teat was supplied the result for the fastest is presented. We have also indicated in the same table the children receiving added cereal in their bottle-feeds. The mean flow-time for the teats used by the children with intusssusception was less than that for teats used by controls, although the difference was not quite significant at the 5% level. However, the apparent interaction between thickening of feeds and the occurrence of the disease could be relevant here, since the rate of flow in these circumstances will differ considerablv from the tap-water measurements. Reviewing only thos6 readings where cereals were not added, we Parents' Opinion The mothers of 35 intussusception patients were asked if they had any idea of the cause of the illness. Many had none at all or blamed some of the dietary features already mentioned, others gave entirely unconvincing explanations. But there was one interesting group of replies. Nine mothers thought it was due to some form of violence-" a rough game," "turning somersaults," " being lifted excessively by an older child," " jumping," " father clipped her," "fell and twisted herself," " rough treatment by father," "joggling in a van." Discussion Many of the results from these inquiries are negative, and where different results impinge upon the same aspect of the disease they sometimes invite contradictory conclusions. However, some steps towards a synthesis can be taken.
Evidence for dietary factors comes from two main sources. The first is the traditional clinical impression that affected babies are unusually heavy, and we found support for this; it seemed to apply particularly to infants under 5 months of age, and as their birth weights were normal this represents an increased rate of growth.
The second source is the difference we observed between the flow rates of the teats used by infants with intussusception and by the controls. The evidence does not allow us to imply a direct cause-and-effect relationship between increased flow rates and intussusception. Although it is possible that the rate of build-up of the fluid load (or the concurrent intake of swallowed air or both) is directly causal, we are not able, from our data, to differentiate this from some indirect association.
However, the larger holes in the teats, the less frequently thickened feeds, and a preponderance of bottle-feeding together suggest a real difference, in a general if not in a specific sense, between the feeding of infants with intussusception and that of controls.
The interpretation of the diurnal variation in the times of onset is difficult. In view of the evidence for anomalies of feeding technique it is tempting to attribute this variation to a direct effect of individual feeds. However, the detailed study of the time relationships between onset and previous fecd failed to confirm a direct or at least an immediate effect. The three main possibilities are these: that the diurnal variation is related to the general level of natural peristaltic activity at different periods of the day and not to individual feeds, that rapid fluid-loading has a delayed rather than an immediate effect, or that there is a latent interval of some hours between the true onset of invagination and the first symptom.
An observation of possible importance in relation to feeding was published by Mooro (1924) from Cairo. He reported two cases of intussusception in male adult Moslems who during the fast of Ramadan denied themselves all fluids from sunrise to sunset; one was affected immediately after drinking and the other as he was about to do so-. Here is the same contradiction: association with heavy intermittent fluid-loa1ing, yet in one case a long period since the last intake.
The question of foreign bodies and of lutnpy foods has been raised repeatedly in the past, and the former has often bees proved in individual cases, paric'ularly adults. In the series of 35 cases there was only one child who swallowed a foreign body, one who ate at the last feed what might be regarded as an unsuitable food (celery at 5 months), and three others where the food might possibly have been related. These observations could not be controlled, but they remind us that a small proportion of intussusceptions are probably so caused.
Purgatives also come under proper suspicion, and the present evidence indicates that they may be an important factor in some children. Purgatives may well merit further inquiry, particularly if a more objective and quantitative method than the mothers' accounts can be devised.
Clinical evidence of infection and evidence of contact were remarkable for their absence. This is in keeping with the absence of a seasonal distribution in our own material and in other recent studies, and the absence of birth-rank differentials in incidence (MacMahon, 1955) . These facts together seem at first sight to contradict the convincing laboratory evidence regarding infection. Gardner (1961) , in Newcastle, examined the stools of 10 children with intussusception and found adenovirus in six and herpes simplex virus in one. Ross and Potter (1961) , in Sheffield, made similar observations. Zachary and Potter (1961) further demonstrated differing virus recovery rates in children with intussusception and in some unaffected children, and high or rising titres of antibodies in the sera of those affected. Our more recent work in Newcastle confirms this: 28 more cases of intussusception have been examined and adenovirus recovered from 15, and evidence of herpes simplex was found in four. In four of these cases identical adenovirus was recovered from mesenteric lymph nodes.
Serological evidence of recent virus infection with herpes simplex or adenovirus has been demonstrated in nine affected children; a very much lower rate of recovery of adenovirus has been obtained in several sets of controls. The selection of controls presented a difficulty, as normal children in closed communities may excrete non-epidemic types of adenovirus for long periods (Gardner, Wright, and Hale, 1961) . It has been shown occasionally that adenovirus may cause diarrhoea (Gardner, McGregor, and Dick, 1960) , and in the study referred to it was due to the epidemic type 7.
It is for these reasons that we selected our controls in a number of different ways. Full details will be published in due course.
A possible explanation of the apparent contradiction between the clinical and epidemiological data and the raboratory evidence may be found in the types of virus isolated. All but two of the adenoviruses so far isolated in Newcastle have been of the non-epidemic types 1, 2, 5, and 6; the two exceptions belonged to types 4 and 7. Our clinical evidence suggests that the adenoviruses commonly isolated in this disease do not seem to be agents which consistently give rise to other recognized symptoms. However, in studies where seasonal distributions have been found (Fitzwilliams, 1908 ; Sheh, Ma, Yang, anid Sun, 1957) There appears to be a widespread and growing assumption that the aetiology of intussusception in children is a simple matter of a virus infection. We feel that this is an over-simplification and that the right question to ask is, "How important is adenovirus or herpes simplex virus infection of the bowel and what is its relationship to the other factors ? " We know that adenoviruses may be excreted for long periods in closed communities, and in one such infected group of children in a residential nursery observed over a considerable period not a single ca-3e of intussusception occurred (Gardner et al., 1961) . Perhaps this was due in part to a well-trained staff and proper techniques of feeding. It seems most probable that in many cases of intussusception both the virus infection of the bowel and one of the other precipitating factors are necessary and one alone will not commonly give rise to the disease.
The conviction of a number of parents that trauma had played some part was interesting, and this probability has been raised before. Eliot and Corscaden (1911) reviewed 300 cases of intussusception in adults, and concluded that there was an adequate explanation in terms of injury for 23 of them. Some were a little far-fetched; but 17 followed immediately upon a violent strain, wrench, or jolt such as lifting heavy weights or other exertion, and one case occurred in a vaudeville performer who supported the weights of several members of his audience standing on his abdomen. All we can say is that the possible association with trauma is suggestive.
If intussusception has the complex aetiology that we suspect, it would hardly be surprising if the different determining factors did not vary in emphasis from time to time. Summary An attempt has been made to re-examine the dietary and infective theories of the origin of intussusception. The findings show: (1) That affected infants under 5 months of age were above average weight for age, and with normal birth weights they must have grown more rapidly than average children. (2) That affected children were bottle-fed more often and had their feeds thickened less frequently than controls. They had larger holes in the teats of their bottles and were probably given their fluids more rapidly. (3) That there is a diurnal variation in the time of onset, with the greatest frequency during the day. (4) That miscellaneous factors, especially lumpy foods, purgation, foreign bodies, and trauma, mav occasionally play some part. The widespread use of recognized and unrecognized purgatives in infants should be noted.
Controlled clinical ' observation supporting the infective basis of intussusception was not obtained, but the viruses recovered from the cases were of nonepidemic types, and are either asymptomatic, apart from intussusception, or produce symptoms with insufficient regularity to be detected in this way.
We suspect that intussusception has a complex aetiology; that in many cases more than one factor is involved and that some of these will vary in emphasis in different communities at different times.
We are indebted to Dr. R The association of adenovirus infection and intussusception has been suspected since the work of Gardner (1961) and Ross and Potter (1961) , but satisfactory proof of a causal role has proved difficult. Knox et al. (1962) discussed the interrelations of various factors, including infection, in the aetiology of intussusception and showed that a number of determinants exist, but contended that no single cause was always followed by the disease or was always present before the disease. In addition to the existence of several causal factors which could vary in importance in different communities, they pointed out the difficulties of ascertaining the prevalence of adenovirus in a general population of the same age, especially the selection of a control group of normal children. Children admitted to hospital for purposes other than the treatment of intussusception can scarcely be regarded as normal, since adenoviruses are known to play a part in a variety of diseases of the respiratory and alimentary tracts.
In these conditions it has been shown that adenovirus may be excreted in large quantity in the stool (Kjellen et al., 1957a, 1 957b; Gardner et al., 1960; Duncan and Hutchinson, 1961) , but there is conflicting evidence as to their role in diarrhoea. Ramos-Alvarez and Sabin (1958) and Sommerville (1958) , in two surveys of diarrhoea, found no increase in the incidence of adenovirus, but this is in contrast to other workers (Gardner et al., 1960; Kjelldn et al., 1957a Kjelldn et al., , 1957b Kendall et al., 1957; Duncan and Hutchinson, 1961) , who have found the epidemic types of adenovirus associated with diarrhoea, often, but by no means invariably, in conjunction with respiratory illness. All workers agree that when an adenovirus causes respiratory illness it may be excreted C in the stool. Residential nurseries where infants and pre-school children can readily be studied are unsuitable, for if an adenovirus infection is present in such a closed community all will be infected and many will excrete adenovirus for many months (Gardner et at., 1961) . Child welfare centres are probably capable of supplying the best source of material for comparison but have the disadvantage that it is unjustified to obtain repeated samples of venous blood from normal children.
For these reasons, and because it is difficult to rely upon any single source of material as an indication of population prevalence, we felt it essential for a conclusive demonstration of the role of adenovirus a the aetiology of intussusception that a variety of controls should be used.
To substantiate the view that intussusception was a systemic infection it is necessary to show evidence of a generalized infection besides the faecal excretion, and so, whenever possible, both paired sera and mesenteric lymph nodes removed at operation were studied for evidence of virus infection.
If adenoviruses are causally associated with intussusception other viruses multiplying in the alimentary tract might be associated with intussusception too. We hope to show that this is true.
The main objective of this study was to measure the incidence of virus infections in children with intussusception and their timing in relation to the onset, and to compare the results with those obtained from a variety of control groups described below.
Materials and Methods
Selection of Cases of Intussusception.-AII affected children admitted to the wards of the Royal Victoria Infirmary from June, 1961 , to June, 1962 , were accepted for the investigation. In all, 38 cases were obtained.
Selection of Control Cases.-These were divided into three groups. (1) Diarrhoeal group: All children in the age-group of 3 to 12 months with diarrhoea admitted to Walkergate Hospital over the same period of time were used. This provided a total of 62 cases. (2) Bronchiolitis and pneumonia group: During the period of study an investigation into the role of viruses in acute bronchiolitis and in pneumonia was running concurrently and it was decided to use cases of an appropriate age for an additional control. (3) Normal children: Eight children were selected from the teaching hospital child welfare centre and samples of faeces collected for investigation at regular intervals during their first year of life. Two members of the staff whose wives had babies during the period of study allowed us to use their infants as additional controls.
Techniques for Virus Isolation.-Faeces from all cases of intussusception and the three sets of controls were examined on HeLa cells and monkey-kidney-tissue cultures. The majority of these specimens were examined on Hep 2 cells. Throat swabs were examined in an identical manner. The methods of isolation and identification of herpes simplex virus and adenovirus have been adequately described in previous publications (Munro-Ashman et al., 1958; Gardner, 1961) , and the methods in this study were similar to these. If an enterovirus was suspected the appropriate antisera were used in a neutralization test. In 21 of the 38 children with intussusception a surgeon removed a mesenteric lymph node at operation for attempted virus isolation.
